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ABSTRACT
Background and Aims:  Protein calorie malnutrition for cancer patients is related 
with altered cellular and humoral immunity. Standard TPN and glutamine and lipid 
emulsion with omega 3 fatty acids were given to colorectal cancer patients and the 
effects of these to neutrophil functions and IL-8 levels are compared. 
Methods:  Consecutive 36 patients with colorectal cancer diagnosed with endoscopic 
biopsy and with malnutrition determined by subjective global assessment were 
enrolled to study. The patients are randomly divided into four groups. Standard TPN 
to control group, TPN with glutamine solution to S-D group, TPN with omega 3 fatty 
acid solution to S-O group and TPN with omega 3 fatty acids solution and glutamine 
to S-D-O group were given for seven days after the operation. At the preoperative, 
postoperative first day and 7th day,   neutrophil phagocytosis index, neutrophil adhesivity 
index and IL-8 levels were determined.
Results: In all groups compared to control group   neutrophil phagocytosis index 
were increased significantly (p<0.05). The most increasing was in group 3. There 
wasn’t significant difference between groups about postoperative first day neutrophil 
adhesiveness index (p>0.05). At the 7th day the neutrophil adhesivity index for study 
groups were increased compared with control group, but there was no significant 
differences between groups. There was no significant difference between groups for   
IL-8 levels. 
Conclusions: As a result of the study, altered cellular immunity in colorectal cancer 
patients with malnutrition can be corrected with omega 3 fatty acid emulsions and 
glutamine added to TPN so the ratio of morbidity and mortality can be decreased. 
INTRODUCTION
Hypercatabolism and immune suppression are 
frequently seen in patients with malignancy (1). 
Preoperative nutritional state is an important factor in 
determining surgical and postoperative complications 
because the preoperative nutritional status affects 
the postoperative nutritional state, immunity and 
inflammatory response (2). In these patients, standard 
parenteral nutrition may not be sufficient to maintain 
the immunity and provide positive or stabilised 
nitrogen balance (1). Preoperative and perioperative 
supplementation with immune-enhancing enteral 
nutrition has been reported to increase total 
lymphocytes and T lymphocytes and decrease 
circulating levels of interleukin 6 and tumor necrosis 
factor- alfa (3-7). There is a report which showed 
that glutamine dipeptide supplemented parenteral 
nutrition improved the cellular and humoral immune 
functions (1). We aimed to evaluate the effect of 
postoperative glutamine-dipeptide and/or omega 
3 fatty acid supplemented parenteral nutrition on 
the neutrophil functions and postoperative course 
of patients with colorectal cancer.
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MATERIAL AND METHODS
The thirty six of 78 consecutive adult patients (25 
male and 11 female) with colorectal cancer were 
randomly enrolled in this study.  Forty two patients 
were not appropriate for selection criteria noticed 
as follow. There were five patients with ascending 
colon cancer, three patients with transverse colonic 
cancer, and eight patients with descending colonic 
cancer, five patients with sigmoid colonic cancer 
and 15 patients with rectum cancer. Patients who 
were included study were between 50 and 70 years 
old. None of the patients preoperatively suffered 
from serious comorbid chronic disease and received 
chemotherapy and radiotherapy.  None of these 
patients were used immunosuppressive and /or 
immunomodulator drugs in last six months. For 
these patients, the operations were performed with 
standard and traditionally accepted methods by a 
senior surgeon.
 The consecutive  36 colorectal cancer patients 
were randomly assigned by envelope method with an 
independent nurse, to 4 groups of nutrition therapies 
as an isocaloric and iso-nitrogenous standard 
parenteral nutrition  (control group, n=10), alanine-
glutamine (aln-gln) (Dipeptiven) supplemented 
parenteral nutrition (S-D group, n=8), Omega-3 
fatty acid  (Omegaven) supplemented  parenteral 
nutrition (S-O group, n=8) and ala-gln and omega 
3 fatty ascid supplemented parenteral nutrition 
(S-D-O group, n=10). Neither patients nor surgeon 
knew which parenteral therapy was applied. This 
allocation to study was made by a blinded physician 
with explanation of study to patients who then signed 
informed consent form. Parenteral nutrition was 
started on the second postoperative day and was 
continued until 7th postoperative day. The patients did 
not receive oral or enteral nutrition during parenteral 
nutrition. Parenteral nutrition provided 25-30 kcal/
kg/day energy and 0.15-0.20 g/kg/day nitrogen. 
The dose of omega 3 fatty acid supplementation was 
0.1-0.2 g/kg /day and it was 0.3-0.4 g/kg/day for 
glutamine dipeptide supplementation.  All nutrient 
substrates were mixed in 3L bags and infused in 24 
h through a dedicated central venous line (Figure 1). 
Figure 1
Patient flow chart
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All patients were fasting for 10-12 h prior to surgery. 
Blood samples were collected on the preoperative 
day as well as on the first and seventh postoperative 
days. The total circulating white blood cell count/
mm3 was determined using an automatic cell 
counter. The percentage and absolute number of 
circulating white blood cell subsets was determined 
after performing a differential count of at least 100 
cells/smear. Neutrophil Adhesivity Index (NAI) 
and Phagocytosis Index (NPI) were determined by 
modified methods of Brandt et al  (8) and Penny et 
al (9) respectively (Figure 2).
Figure 2
A sample of neutrophil phagocytosis 
IL-8 was assayed by the ELISA method with using 
IL-8/NAP-1 kit (BioSource Europe S.A. Belgium). 
Routine nutritional follow up of patients was made 
with biochemical measurements by a nutrition nurse. 
If any infectious complication was determined during 
postoperative follow up, microbiological evaluation 
was performed.
 This study was approved by ethical committee of 
our institution (İAEK8/15). This study was registered 
under ClinicalTrials.gov Identifier no. NCT01831310. 
All data are expressed as mean+SD. The statistical 
package for Social Sciences (SPSS Inc., Chicago, USA) 
was used for statistical analysis. All groups were 
compared with each other using Kruskall Wallis 
Variance Analysis and Tukey test. p value of <0.05 
indicated significant difference.
RESULTS
 Data of all patients were eligible for statistical 
analysis. Patients’ demographic characteristics, 
including age, gender, body mass index and surgical 
procedures, are summarised in Table 1.
Table 1
Demographic characteristics of groups
GROUP S-D Group S-O Group S-D-O  Group Control Group 
BMI 24,62±3,16 25,62±3,93 27,50±4,99 24,60±1,78
AGE 58,0±15,6 63,9±17,2 59,9±15,1 56,3±14,3
p>0,05for all
There were no significant differences between groups 
at entry. No episodes of bleeding, failure of sutures, 
infection or death were found in the seven day 
observation period after surgery. There were also no 
significant differences for preoperative biochemical 
parameters such as albumin, total protein, ALT and 
AST levels (Table 2)  neutrophil and lymphocyte 
counts (Table 3) among groups (p>0.05).
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Table 2
Preoperative total protein, albumin, AST and  ALT levels  for groups
Mean±SD
GROUP S-D Group S-O Group S-D-O  Group Control  Group 
Total Protein 6,56±1,09 6,65±0,50 6,33±0,65 6,59±0,49
Albumin 2,89±0,22 2,91±0,37 2,95±0,16 2,94±0,17
AST 21,62±12,44 16,00±4,41 32,80±30,83 22,20±8,60
ALT 23,50±12,42 10,00±4,66 41,60±37,53 22,70±13,50
p>0,05 for all 
Table 3
Mean neutrophil counts for groups  
Mean±SD
GROUP S-D Group S-O Group S-D-O  Group Control Group 
Preoperative 6216,25±3820,81 6016,25±2327,60 5773±3134,96 5773±3134,96
Postoperative 1 8558,75±3394,86 9308,75±4994,64 6314±3081,11 6314±3081,11
Postoperative 7 7525±3011,42 6122,50±2806,80 6755±2473,52 7159±2816,83
p>0.05 for all
As shown in Table 4, neutrophil phagocytosis 
Index (NPI) was significantly high in the S-O and 
S-D-O groups compared with those of   control 
group preoperatively. On the other hand there 
were no significant differences among others.  At 
postoperative first day, NPI was better in the all 
supplemented groups than in the control group. 
It was significantly high   for S-D-O group when 
compared with other supplemented groups. NPI 
values have similar significance in postoperative 
7th day when compared those of postoperative first 
day.  NPI of S-D group and S-D-O group increased 
significantly on the postoperative first and seventh 
days as compared with the respective preoperative 
values; but there were no significant differentiation 
between postoperative first and 7th days.  
Table 4
Mean Neutrophil Phagocytosis Index for groups 
Mean±SD
GROUP S-D Group S-O Group S-D-O  Group Control Group 
Preoperative 67,61±30,18 50,50±18,92 50,60±16,01 28,20±12,92
Postoperative 1 74,69±31,18 66,25±10,18 100,80±18,59 38,20±9,99
Postoperative 7 82,00±24,93 69,00±14,97 107,60±13,47 36,67±11,07
Preop SO- S  p=0,039, SDO- S p=0,025, 
Postop 1 SD-SDO p=0,002, SD-S p=0,039, SO- SDO p=0,004, SO- S p=0,023, SDO- S p=0,000, 
Postop 7 SD- SDO p=0,014, SD-S p=0,000, SO-SDO p=0,000,  SO- S  p= 0,02, SDO- S p=0,000
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 Before surgery, NAI was not significantly 
different in supplemented groups when compared 
with control group (Table 5). On the other hand there 
were significant differences between S-O and S-D-O 
group. There were no differences in NAI among 
groups for postoperative first day.   Mean NAI of 
postoperative 7th day increased in supplemented 
groups when compared with standard TPN used 
control group. NAI in supplemented groups 
significantly increased after surgery than those of the 
baseline, but it was not changed in control group.
Table 5
Mean Neutrophil Adhesivity Index for groups 
Mean±SD
GROUP S-D Group S-O Group S-D-O  Group Control Group 
Preoperative 1,03±2,16 1,15±0,19 1,02±6,55 1,03±1,49
Postoperative  1 1,11±6,00 1,13±4,55 1,09±4,84 1,09±4,86
Postoperative  7 1,37±0,10 1,51±0,29 1,44±0,21 1,08±4,09
Preop SO-SDO p=0,042, 
Postop 7 SD- S p=0,01,  SO- S p=0,00, SDO- S p=0,001
As seen at Table 6, preoperative levels of IL-8 in all groups were similar.  It was postoperatively increased in 
all treatment groups. When compared, on postoperative first and 7th day there were significant increase IL-8 




GRUP S-D Group S-O Group S-D-O  Group Control  Group 
Preop 1,63±4,30 1,53±4,10 3,01±9,03 1,74±4,40
Postop 1 11,08±19,19 Not Determined 44,27±66,79 Not Determined
Postop 7 13,27±35,11 23,83±58,37 225,63±253,75 Not Determined
p>0.05 for all
The length of postoperative hospital stay  was similar in all  supplement groups.( 7.37 ± 1.77 day in S-D 
group; 7.13±1.73 day in S-O group and 8.2±1.14  day  S-D-O group) It was significantly  short for supplement 
groups  when compared  with control group (12.48±5.43 day) (p<0.05) (Figure 3). There was no significant 
differences among three supplement groups (p>0.05). 
Figure 3
Postoperative length of hospitalization SD- S p=0.005, SO-S p=0.003, SDO-S p=0.014
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DISCUSSION
Experiments in the 1970s and 1980s, as well as some 
recent studies, have shown that most of the functions 
of polymorphonuclear neutrophils in patients 
with advanced cancer were impaired or normal 
when compared with healthy individual (10,11). 
Polymorphonuclear neutrophils, as a phagocytes, 
play the crucial role in the host defense (11). Some 
studies demonstrated that cancer patients showed 
lymphocytopenia and neutrophilia, but normal count 
of monocytes and total leukocytes (11-14). These data 
supported hypothesis that depressed granulocyte 
function may contribute to an increased susceptibility 
to infection and may be considered as an additional 
factor that favors tumor dissemination (10). On the 
other hand, major surgery causes postoperative 
complications based on dysfunction of host defense 
mechanisms,  homeostasis and inflammatory response 
in malnourished patients (15-19).  Preoperative 
nutritional state is an important factor in determining 
surgery and predicting postoperative complications 
(20). Nutritional support is a potentially beneficial 
strategy to improve postoperative morbidity (2).
 Glutamine is the most abundant amino acids 
in plasma and cells (21). Jing-Xiang et all reported 
that  the nitrogen balance of patients suffering 
colorectal cancer was negative postoperatively with 
standard parenteral nutrition, while patients receiving 
supplemental glutamine dipeptides gained positive 
nitrogen balance. This results strongly indicates 
that glutamine improved nitrogen metabolism 
(1). Parenteral feeding increases the susceptibility 
of high-risk trauma patients to intra-abdominal 
abscess, suggesting an impairment in host defense 
mechanisms compared with individuals fed enterally 
(22). As known, intestinal permeability may be 
impaired during prolonged parenteral nutrition. 
Glutamine is the major fuel of mucosal and immune 
cells in the intestine. Glutamine supplementation has 
been shown to reduce the mucosal permeability and 
maintain normal mucosal configuration (23). The 
state of cellular and humoral immunosuppression 
was demonstrated in colorectal cancer patients 
(1). A clinical study implicates a significant 
impairment in PMN phagocytosis and peritoneal 
exudation involving multiple cell types. Glutamine 
supplementation reverses the deleterious effects of 
TPN on the inflammatory response and phagocytic 
function induced by the chemical peritonitis (24). In 
a pilot study, parenteral glutamine supplementation 
given to patients with leukemia enhanced neutrophil 
phagocytic function, maintains nutritional status and 
is cost effective (25). In this study we determined that 
there were significant improvement of neutrophil 
phagocytosis index in parenterally glutamine 
supplemented  groups compared with standard 
parenteral nutrition group. 
 Lipid emulsions are the parenteral source of 
essential fatty acids. They can be infused alone 
or together with glucose and amino acids in 
malnourished patients. Polyunsaturated fatty acid 
supplementation may produce beneficial effects 
after surgery. A favorable effect of postoperative 
supplementation of omega-3 fatty acids on the 
outcomes in colorectal cancer patients undergoing 
radical resection was reported due  to relation  by 
lowering the magnitude of inflammatory responses 
and modulating the immune response (26), but the 
evaluations of the effects of LCT and MCT/LCT lipid 
emulsion infusions in animals showed no alterations 
of phagocytosis (27). In a recent study low dose fish 
oil in cancer patients receiving chemotherapy after 
gastrointestinal  tumor removal caused to improve 
the function of blood neutrophils (28).
 Nakamura et al (29) reported that oral 
administration of  a supplement rich in omega 3 fatty 
acids for 5 days before surgery improved not only 
preoperative nutritional states but also preoperative 
and postoperative inflammatory and immune 
responses in patients with cancer. They observed 
that a remarkable decreases in interleukin-8 and 
polymorphonuclear leukocyte elastase in supplement 
group. De Baux et al (30) suggested that Il-8 level 
in patients with acute pancreatitis was decreased 
in glutamine dipeptide supplemented parenteral 
nutrition group when compared with standard 
parenteral nutrition group. In present study we did 
not determined  any significant differentiation  among 
groups. 
In conclusion; glutamine dipeptide and/or omega 
3 fatty acid supplemented postoperative parenteral 
nutrition improved nonspecific immunity especially 
neutrophil phagocytosis and adhesivity index in 
patients with colorectal cancer. This  results let us to 
encourage using these supplements for colorectal 
patients, but  the limitation of this study is number 
of patients, so there is necessity for larger studies 
with more sophisticated techniques.
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